Abstract: Recent changes and consolidations in health care systems have resulted in an increase in new health care delivery models. Telemedicine holds great promise as one of these models. There is a great potential for new patient evaluation and treatment models in emergency care (EC), especially when patients are miles away from a medical team. Evaluations can be performed in a patient's home, a nursing care facility, and in hospitals that focus on advanced subspecialty care. Due to rapid developments in this area, current care models are constantly being evaluated and modified. This review article outlines current telemedicine models for EC and summarizes their potential benefits to patients and the health care system. The review examines the role that the telephone, a fundamental tool of telemedicine, plays in these new models. The review also examines evidence of improved health care outcomes by highlighting the role of telemedicine in reducing hospitalizations. The patient is the primary focus; as a result, this review also examined patient experiences and satisfaction levels regarding telemedicine health care teams. The authors support these technological advances and their potential for information transfer. Health care providers need to continue developing these models by making use of increasing amounts of information. One of the main implementation barriers of these new models in the US and other countries is the issue of payment and reimbursement. Despite this, advancements in EC telemedicine continue.
Introduction
Health care delivery is changing in the US and other countries as payment models change and the population ages. A primary impetus for health care change in the US is the Affordable Care Act. 1 Changes in its policies and the effects of an aging population will increase demands on the health care system. 2 Population management and longterm care facilities will have a much greater impact on health care systems. 3 One area of particular interest for population health management is the reduction of hospital admissions and readmissions. Hospital admissions lead to increases in patient disability and higher costs. 4 In addition, policy changes will lead to penalties for readmissions. 5 Hospitals and health care groups are seeking methods to reduce hospitalizations through transition programs and technologies. 6 New patient monitoring and communication technologies offer optimism to health care providers because they can minimize excessive use of time and costly office, emergency room (ER), and hospital visits.
One area of particular interest is telemedicine in emergency care (EC). It has the potential to dramatically improve health care issues in the home, hospital, and other health care facilities. The ability to transmit health information over distances to a 
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Takahashi et al primary care provider or specialist can improve diagnostic accuracy and patient care without the need for a face-to-face visit. EC is often defined as medical care that requires immediate attention. This can take place during a personal visit, a phone call, or by telemedicine. The first step in EC involves telephone triage by a medical clinic or emergency response system. The present review article discusses various current EC telemedicine models, including telephone assistance. It also examines the risks and benefits of telemedicine and its impact on patients and interested parties.
Telemedicine and telemonitoring in emergency care
The American Telemedicine Association defines telemedicine as the use of medical information exchanged from one site to another by electronic communications to improve a patient's clinical health status. 7 Telemedicine involves the use of technology to deliver care to a patient that is remotely located from the provider; it also provides diagnostic and clinical decision-making assistance. The basic terminology used in telemedicine services includes asynchronous home-based services (store and forward services) originating from the patient's location (originating or spoke site), and office-or hospital-based telemedicine services (distant or hub site) where the provider is located. 7 Telemedicine tools include communication technologies such as telephone and video conferencing, email web services, health care portals, and telephone service providers. Hardware such as computers, smartphones, and stand-alone devices can transmit specific health information such as vital signs, radiological images, electrocardiograms (EKGs), and other patient data, in addition to verbal communications. Remote clinical information (either live or asynchronous) and additional patient data can improve patient assessment and monitoring, resulting in improved diagnosis, triage, and therapeutic interventions. Emergency medicine and acute changes in a patient's condition often require live synchronous services to provide timely feedback to patients and family members. Telemedicine services can be provided within the hospital, health care facility, or patient's home.
There are obvious circumstances in a hospital setting where telemedicine can improve access to specialty care. As health care changes, provider consolidations result in larger delivery systems. 8 Many specialty practices consolidate their resources into a central hub for greater efficiency and further specialization. Health care groups use telemedicine to provide appropriate, timely, and safe care to various patient populations in different settings. In the geriatric population, common conditions for which telemedicine is feasible include stroke, acute coronary syndrome, congestive heart failure (CHF), chronic obstructive pulmonary disease (COPD), wound care, trauma, and orthopedic emergencies. 9 Teleradiology has had a significant impact on EC; it has experienced early adoption and been the subject of systematic reviews on its efficacy. 10 The capacity to send images to a radiologist, neurologist, or neurosurgeon has had a significant impact on senior health care in outlying medical centers.
Some of the most robust evidence for the effectiveness of telemedicine is in geriatric EC in a hospital, specifically with patients suffering from stroke or acute coronary disease. Current guidelines for appropriate treatment of thrombolysis in stroke patients include administration of thrombolytics within hours of presentation; thus, a timely diagnosis is critical for improving outcomes and avoiding the risks associated with thrombolytics. 11 The need for timely evaluation is particularly relevant in remote areas that lack the expertise necessary for the diagnosis and management of stroke. Telemedicine has been successfully used to improve diagnostic accuracy, expedite transfer and reviews of imaging, and assist with management decisions regarding triage and use of thrombolytics. [12] [13] [14] [15] In a study of 2,800 Italian stroke patients, the average time for patient evaluation by telemedicine was 38 compared to 160 minutes. The authors reported a 96.5% telemedicine diagnosis accuracy rate. 12 A 2012 study by Demaerschalk et al described the reliability of real-time video data from a smartphone for assessing National Institute of Health stroke scale results in 100 US stroke patients; they found a highly reliable correlation between bedside and remote neurology treatment. 16 Similarly, pre-hospital transmission of EKGs in patients with acute coronary syndromes has proven to be invaluable for early diagnosis and initiation of reperfusion. Several studies have demonstrated a reduction in treatment delays among patients with myocardial infarction with elevated ST segment diagnosed by transmission of pre-hospital EKGs. 17, 18 It can be hypothesized that the transmission of digital images and bidirectional communications to specialist providers can assist in the diagnosis, triage, and management of other cardiac emergencies. A recent (2014) study by Kahn 
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Telemedicine: enhanced emergency care for older adults surgeons; the workstations were used to communicate with surgeons in tertiary care facilities. These providers assisted in resuscitation and stabilization of patients with major trauma, including geriatric patients. In a US pilot study of 26 patients, patients in Level-1 trauma centers treated by telemedicine had more severe injuries compared to the general population. Eighty percent of providers felt that telemedicine improved care. 20 In another US study of 41 patients where telemedicine was provided to a rural area, clinicians felt that care had improved and a reduction in rural trauma care discrepancies was observed. 21 Use of telemedicine in late-life mental illnesses including dementia, continues to grow. Videoconferencing with caregivers and family members can help in the management of dementia and acute mental illness. In terms of current emergency management approaches, the use of telemedicine is primarily limited to surveillance of acute events, risk management, and management of behaviors such as wandering. 22 Telemedicine for mental health could also be important in long-term care. Mental health professionals could assist with depression and dementia without being physically on site and could provide guidance to caregivers.
There is a growing demand within a home to monitor patients for acute emergency changes. Wearable personal emergency response devices are commonly used by individuals at risk of falls within the home. These devices are activated when there is a fall and respond as needed. However, a meta-analysis of the effectiveness of these devices showed a lack of evidence in long-term, real-world studies. 23 There is growing innovation in the field of "smart homes", where a residence is equipped with technology that, in addition to facilitating independence and quality of life, also detects adverse events in the frail elderly. These individuals might have chronic diseases such as COPD or other functional impairments, and require close monitoring but are unable to call for help in emergencies such as falls and syncope. 24, 25 There is varying evidence on the use of patient monitoring systems in reducing adverse outcomes in frail geriatric patients. 26 In a recent pilot study of 388 US residents in seven senior communities, telemedicine enhanced rapid delivery of clinical protocols for acute care to patients with fever, shortness of breath, altered mental status, and pain. The intensive telemedicine program involved obtaining health information, physical examination results, laboratory and radiological test results, and treatment approaches used for the acute illness. The authors felt that 50% of patient visits would have required an ER visit and that telemedicine was a feasible approach for providing effective patient care. 27, 28 Phone management of emergency care services
The most common device for telemedicine is the telephone. EC for the elderly often starts with a telephone call. Emergency numbers such as 911 in the US and 999 in the UK are used by all types of patients. These calls are often not simple requests for emergency transport and should be classified as telemedicine calls. The 911 "lift assist" call fits this category because it involves patient assessment from a distance without transfer to the ER. These calls are generally made by seniors who have fallen and need assistance in getting back up. A Connecticut study showed that 1,087 (4.8%) of emergency calls to 911 between 2004 and 2009 were for lift assist. 29 The telemedicine component was the transmission of vital signs and clinical assessment to the ER by emergency personnel on the scene; this information helped determine whether the patient was stable enough to remain at home after receiving assistance in getting back up.
A telephone triage call center is the entry point to EC for many seniors. Citizens have access to 24/7 triage call centers in several countries, including the UK, the Netherlands, Denmark, Sweden, Canada, and Australia. These call centers attempt to determine the urgency of the symptoms, and make recommendations ranging from advising the patient to call for an ambulance for immediate life-threatening emergencies or to present themselves at their local ER department for EC; they can also offer self-care advice to the patient. When the disease burden of the elderly is taken into account, calls from the elderly represent a significant percentage of all calls to these centers, and are proportionately less than calls from younger individuals. 30 The largest call center in the world by published numbers is the National Health Service (NHS) 111 service (previously known as NHS Direct); it handles about 4 million calls annually. 31 In 2008, NHS Direct received over 400,000 calls from individuals over 65, with 12.3% given a recommendation for EC; of these, a little more than half (56%) were advised to call an ambulance and the remainder (44%) to go to the emergency department. 30 It should be noted that fewer than 1% of those calls were about falls; thus those calls, like those in the US, probably went directly to the ambulance dispatch.
A 2009 US study by North and Varkey confirmed that calls from seniors or about them were often the first contact for EC. 32 
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Takahashi et al over 80 years of age; 38% of those were advised to seek EC. 33 The high incidence of telephone advice to the elderly to seek EC has been confirmed by hospital admission data. Almost 10% of all calls to a telephone triage center concerning subjects over 65 years of age resulted in hospitalization. 34 The telephone as a telemedicine device has been around for a long time, and it continues to have a significant impact in helping the elderly seek EC and get a lift assist after a fall when EC is not needed.
Benefits and uses of telemedicine in emergency care
The potential benefits of telemedicine in EC include improved health care outcomes and patient experience, as well as cost savings. Peikes et al identified these results as part of their objectives for quality health care. 35 One important primary health care outcome is hospitalizations. Many clinical trials conducted in a home setting using management of acute emergencies have examined hospitalization rate as a primary outcome. However, results of telemedicine interventions have been mixed. In a recent (2013) trial of 256 COPD patients in the UK, no differences in number of hospital admissions for COPD and time to admission were found between telemedicine and standard care patients. 36 Conversely, a meta-analysis of six studies that included 604 COPD patients showed a reduction in hospitalizations for COPD patients, with an odds ratio of 0.46 (95% confidence interval [CI]; 0.33-0.65). 37 In addition, a meta-analysis of eleven telemedicine studies of CHF patients (2,710 subjects) showed a reduction in CHF-related hospitalizations, with a relative risk of 0.79 (95% CI; 0.67-0.94; P=0.008). 38 As a result, the evidence for reducing hospitalizations is growing, with an emphasis on single disease-state problems. Many medical homecare models are looking at telemedicine for case management of multiple illnesses. However, a 2012 study of 205 subjects found no reductions in hospitalizations for telemonitored patients with multiple medical issues. 26 A second and equally important health care outcome is improvement or stabilization of functional status. Exercise and activity can be closely monitored in patients at highest risk for EC. An exercise regimen is an important aspect of care for CHF patients, and has been shown to reduce hospitalizations and improve quality of life. 39 The use of gait speed has become a standard measure of functional status. In a 2005 study involving 3,047 subjects, slower gait speed was found to be a predictor of adverse outcomes. 40 A 2013 study showed that telemonitoring allowed for effective monitoring of gait speed in a 6 minute gait walk test. 41 However, using telemedicine to encourage physical activity has shown mixed results. A 2013 study of telemedicine in 205 chronically-ill outpatients showed no improvements in functional status compared to standard care. 42 However, a recent pilot study (2012) of 21 ICU patients needing follow-up physical rehabilitation showed improvements in functional status. 43 There is therefore a potential for improvements in functional status such as walking speed and strength in patients who are telemonitored for EC.
An increasingly important issue that health care systems must address is the cost of implementing telemedicine versus the potential savings of reducing hospitalizations. Prior to the Affordable Care Act, there was little incentive to reduce hospitalizations; however, with potential penalties for rehospitalizations, new models to reduce hospitalizations have become viable. 1 A recent study comparing six nursing homes using telemonitoring with five that were not, found reduced hospitalizations in the telemonitored homes. 44 In a rudimentary 2014 economic analysis based on a reduction of 15 hospitalizations per year, nursing homes using telemedicine for evening and weekend management of acute and emergency issues had an estimated $150,000 reduction in costs per home and a net $120,000 gain after accounting for $30,000 for costs of the telemedicine service. 44 The most effective emergency models that resulted in cost savings used case management models for telemonitoring CHF patients. A 2010 meta-analysis reported cost savings of 35%-86% during study enrollment as a result of CHF telemedicine programs. 38 
Patient, caregiver, and provider experiences
According to the Baldridge Health Care Criteria for Performance Excellence, 45 one key criterion for success is how an organization engages patients and stakeholders. Specifically, how well does a health care organization listen to patient concerns, build relationships, and use information to improve the patient experience? These organizations also identify other opportunities that can help patients achieve long-term success. Among these, patient input is important; as a result, researchers and clinical groups need to thoroughly evaluate the potential impact of telemedicine on patient outcomes. This is an understudied area, particularly in EC telemedicine.
A 2013 study by Shah et al evaluated the care of patients over 21 years of age using telemedicine in an EC setting. 28 The program consisted of an in-home visit. The study included residents from six senior living communities. Satisfaction results were based on interviews conducted 
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Telemedicine: enhanced emergency care for older adults with the dispatchers, certified telemedicine assistants (CTA), telemedicine providers, participants, and caregivers at participant residences. Results showed that participants and their families were very satisfied with telemedicine based on its convenience, promptness, and completeness of evaluation. However, they said visits took longer than anticipated and that they had expected a physician to be part of the visit. From the CTA's perspective, there were some challenges in communicating with patients due to reduced resident hearing abilities and mental focus problems. These challenges were reduced by the participation of family members or caregivers. However, CTAs did not feel that they had sufficient skills or training, and this led to reports of slow response, disorganization, and discomfort.
In addition, the telemedicine team experienced technical issues such as broadband card failures, device interface failures, and software problems. These technical problems created concerns, decreased satisfaction, and increased home visit duration. Providers felt that telemonitoring improved diagnostic certainty but preferred face-to-face visits. 28 One might speculate that patient and provider experiences could change with emerging technologies and improved care delivery models.
A 2003 study by Weiner et al reported a telemonitoring study to assess acute medical problems at a nursing facility. The study used a slightly younger cohort of 187 participants with a mean age of 64. The study found that both physicians and patients were satisfied with the calls that culminated in a videoconference. These calls were mostly related to assessing changes in mental status, abnormal laboratory values, and falls. However, timely access remained an issue, since physicians often lacked immediate access to the videoconferencing equipment. 46 Thus, the use of the telephone remains an important telemedicine tool for most providers. In addition, it is clear that telemedicine can add to positive patient and provider experiences when making a non-faceto-face visit.
One way to measure the quality of an experience is through a satisfaction rating system. In a study of 50 patients, patient satisfaction with telemedicine was associated with patient location (either a residence or telemonitoring site), patient educational background, and quality of verbal communication. The study indicated that 32 of 40 participants were highly satisfied with the service in their own homes; while only five of ten participants receiving telemedicine care in a nursing home gave a high rating. One hundred percent (100%) of patients with at least a high school education gave high satisfaction ratings. Quality of verbal communication seemed to be more important than other system characteristics such as set-up time of less than 10 minutes and quality of image. 47 Thus, patients and providers place a high value on the ability to have home consultations and want a meaningful discussion with the provider.
Quality of life, patient satisfaction, and acceptability
Patient satisfaction and quality of life are important aspects to consider in health care delivery models using telemedicine. The patient's personal experience is important in the value equation (patient outcomes and satisfaction over costs). A recent review article by van den Berg et al of telemedicine use in older patients found that in 38% of the 68 studies reviewed, seniors with common limitations such as cognitive, hearing, and vision difficulties were excluded from the studies. 48 Thus, many of the conclusions regarding acceptability and satisfaction with telemedicine could be a reflection of a selected population and therefore biased. Regarding the effectiveness of telemedicine services in EC, a focus group of 15 senior participants evaluated this problem; they indicated that smart home technologies were helpful in obtaining emergency help. 49 In general, older patients find telemedicine services acceptable and satisfying. 27, 50 An intensive telemedicine program including 388 patients geared toward addressing acute illnesses in individuals living in independent and assistedliving senior communities revealed both feasibility of and patient and caregiver satisfaction with the services. In this innovative program, older adults (median age 85) received telemedicine services for acute illnesses. These services consisted of the following: protocol-driven information gathering; collection of vital signs including pulse oximetry; visual and audio data obtained by digital camera and stethoscope; ECG; and blood and urine samples when required. This resulted in only 4% of 281 visits of patients referred to the emergency department after evaluation. However, a survey of the triage team found that, had telemedicine care not been available, care would have been recommended in either an emergency department 48.1% of the time or in an urgent care facility 27% of the time. 27 Thus, the referring medical team determined that telemonitoring was useful because it provided additional information to the patients.
To include patient and caregiver perspectives in the current review, the authors performed a qualitative study of 21 participants. Results showed that telemedicine services precluded the need to travel to the ER or to an after-hours acute care center according to 91% of patients and 88% of 
60
Takahashi et al caregivers. 27 A high percentage (93%) of residents agreed or strongly agreed that the service allowed comfortable interactions with the medical provider, and that they were satisfied overall with the telemedicine services. 27 Overall, participants felt that the telemedicine visit was thorough. However, one drawback reported by participants was that the telemedicine visit was lengthy and some would have preferred a physician to be present in person. 28 While patients and medical providers generally accept telemedicine, there are some usability considerations. A 2012 study by Chau et al examined 40 subjects using telemonitoring with a specially designed mobile phone with the capacity to contact emergency services. The participants (average age 72) reported that they were satisfied with the service; however, some reported difficulties reading the mobile phone display screen and using the small touch screen because of the fine hand movements involved. 51 Technologies that are easier to use, have larger keys and text, and adjustable volumes are more likely to be accepted by older adults. 48 Telemedicine has also been used as a triage tool in the emergency department. Essentially, a nurse triages a patient and has access to physician by a virtual connection. The physician can talk to and evaluate the patient, provide treatment orders, and assist with the triage process; clinical staff then expect to reduce patient wait times. A 2013 study of this technology by Traub et al in 106 patients (average age 63 years) showed that overall patient satisfaction with this service was high, with the majority of patients rating their experience as very good to excellent. They also reported high satisfaction with communications and understanding of needs.
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Telemedicine study results in older adults have been mixed, with some showing improved quality of life and others showing no effect on quality of life. In a recent review article on telemedicine in older adults, 13 studies were evaluated for quality of life: 38% showed a significant improvement in quality of life.
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Summary
The following factors have provided opportunities for the use of telemedicine in EC: an increasing number of seniors requiring health care (many with low mobility), a shift in reimbursement models to value-based purchasing, and rapidly advancing communication technologies. Care access 24/7, and 365 days a year in all residential venues will become the standard of care in the next decade as organizations seek to provide timely care by the most appropriate provider. Evidence shows that telemedicine results in improved outcomes as technology improves. Patients, families, and caregivers accept and often embrace new telemedicine models because they add additional care and services to existing face-to-face models. Organizations are using telemedicine to provide primary and consultative care in locations never served before such as stroke care units in acute care hospitals and senior primary care apartments.
As with any new changes, there will always be challenges. Many of these challenges involve new care delivery models and adoption of new technologies. One such challenge involves funding for necessary clinical pilot studies to confirm the efficacy of telemedicine and to test new practice models. Public-private partnerships between providers, industry, and government resources are needed but will take time to implement. Rural practices have unique challenges and should not be excluded because of potentially lower returns on investment. Providers need to be early adopters of these sometimes disruptive, innovative, and useful technologies; they need to assess the value equation as a means of ensuring high-value care. The technology will have to demonstrate interoperability with electronic medical records, usability, dependability, affordability, and have robust data analytics and decisionsupport software. This will support the science of new health care delivery models and be considered as equal to basic and translational sciences in the crucial area of patient care.
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